Objective: To promote wider recognition and further understanding of cannabinoid hyperemesis (CH). Patients and Methods: We constructed a case series, the largest to date, of patients diagnosed with CH at our institution. Inclusion criteria were determined by reviewing all PubMed indexed journals with case reports and case series on CH. The institution's electronic medical record was searched from January 1, 2005, through June 15, 2010. Patients were included if there was a history of recurrent vomiting with no other explanation for symptoms and if cannabis use preceded symptom onset. Of 1571 patients identified, 98 patients (6%) met inclusion criteria. Results: All 98 patients were younger than 50 years of age. Among the 37 patients in whom duration of cannabis use was available, most (25 [68%]) reported using cannabis for more than 2 years before symptom onset, and 71 of 75 patients (95%) in whom frequency of use was available used cannabis more than once weekly. Eighty-four patients (86%) reported abdominal pain. The effect of hot water bathing was documented in 57 patients (58%), and 52 (91%) of these patients reported relief of symptoms with hot showers or baths. Follow-up was available in only 10 patients (10%). Of those 10, 7 (70%) stopped using cannabis and 6 of these 7 (86%) noted complete resolution of their symptoms. Conclusion: Cannabinoid hyperemesis should be considered in younger patients with long-term cannabis use and recurrent nausea, vomiting, and abdominal pain. On the basis of our findings in this large series of patients, we propose major and supportive criteria for the diagnosis of CH.
C annabis is the most widely used illicit drug in the United States and in the world. 1 The 2008 World Health Organization World Mental Health Surveys estimated that the cumulative, lifetime prevalence of cannabis use in the US population is 42% to 46%. 2 While cannabis is well known for its antiemetic effects, more recently, long-term cannabis use has been associated with cyclic episodes of nausea, vomiting, and abdominal pain. In 2004, Allen et al 3 coined the term cannabinoid hyperemesis (CH) after describing 9 patients with a cyclic vomiting illness that began in the setting of long-term cannabis use and resolved after cessation of the drug. Since 2004, 13 case reports and 3 small case series, the largest of which consisted of 9 patients, have been published in further support of CH. [4] [5] [6] [7] [8] [9] [10] In 2009, Sontineni et al 7 described important clinical features of CH, which included long-term cannabis use, cyclic vomiting, colicky abdominal pain, compulsive use of hot showers, and improvement of symptoms with cannabis cessation.
Given the prevalence of cannabis use worldwide, the very recent recognition of CH, and the paucity of CH literature, it is likely that this disease is underrecognized and underdiagnosed. Lack of awareness of the disease may lead to invasive and costly diagnostic tests, as well as patient and physi-cian frustration. To promote wider recognition and further understanding of this condition, we conducted a case series, the largest to date, of patients diagnosed with CH at our institution.
PATIENTS AND METHODS
Inclusion criteria were determined by reviewing all PubMed indexed journals with case reports and case series on CH. On the basis of the results of that review, patients were included if they had (1) longterm marijuana use before the start of symptoms, (2) a history of recurrent vomiting, and (3) the absence of a major illness that could explain the symptoms. Using institutional software, the electronic medical record was searched from January 1, 2005, through June 15, 2010, for the terms listed in Table 1 nabinoid OR cannabis OR marijuana AND vomiting OR emesis OR hyperemesis. From this second search, 1470 patients were identified, for a total of 1571 potentially eligible patients. Two of the investigators (J.H.S., M.L.H.) evenly divided the newly identified patient records, screened their portions independently, and met to discuss unclear cases. As a result of the second search, 43 additional patients met inclusion criteria, bringing the total to 98 patients. The medical records of these 98 patients were then reviewed by one author (D.A.S.) who abstracted demographic and clinical information.
RESULTS
The demographic characteristics of the study population are shown in Table 2 . Sixty-six patients (67%) were males, the mean Ϯ SD age at evaluation was 32.3Ϯ9.9 years, and the mean Ϯ SD age at symptom onset was 25.3Ϯ8.9 years (range, 14-48 years). Sixty patients (65%) had a body mass index (calculated as the weight in kilograms divided by the height in meters squared) of 25 or less, and only 11 (12%) were obese, defined as a body mass index of greater than 30. Forty-eight patients (49%) used tobacco, but only 10 (10%) reported weekly use of alcohol.
The duration and frequency of cannabis use before symptom onset are shown in the Figure. This information was available for 37 (38%) and 75 (77%) of the patients, respectively. Twenty-five (68%) of 37 patients consumed cannabis products for more than 2 years before symptoms occurred. Forty-four patients (59%) used cannabis on a daily basis, while 71 patients (95%) used it more than once a week.
All patients had symptoms of nausea and vomiting, as noted in Table 3 . In 53 patients (71%), the symptoms were present in the morning, while only 16 (21%) had symptoms associated with meals. Eighty-four patients (86%) had abdominal pain associated with nausea and vomiting. Among the 75 patients for whom location of pain was recorded, 46 Diagnostic studies were performed in most patients and yielded negative results for alternative diagnoses; these studies included complete blood cell count, glucose level, liver biochemistries, pancreatic enzyme level, abdominal computed tomography, upper endoscopy, and colonoscopy. Sixty-one patients (62%) had gastric scintigraphy performed, with normal gastric emptying documented in 28 (46%), delayed emptying in 18 (30%), and rapid emptying in 15 (25%).
Follow-up was available in only 10 patients (10%). Three (30%) of these patients did not abstain from cannabis use and continued to have symptoms. Six patients (60%) stopped using cannabis and noted complete resolution of their symptoms. The time to improvement varied from 1 to 3 months. After not using cannabis for only 1 month, 1 patient (10%) experienced no symptomatic improvement, and no further follow-up was documented.
DISCUSSION
Current knowledge of CH is based on several case reports and small case series. In fact, diagnostic clin- ical criteria originate from a review of only 13 cases of CH. 7 Our case series, the largest to date, confirms the essential and major criteria previously proposed by Sontineni et al 7 but additionally expands the major criteria and modifies the previously proposed "characteristics suggestive of the diagnosis." Firstly, long-term cannabis use is essential for the diagnosis. The major features include (1) severe cyclic nausea and vomiting, (2) resolution with cannabis cessation, (3) relief of symptoms with hot showers or baths, (4) abdominal pain, and (5) weekly use of cannabis. Supportive features include (1) age younger than 50 years, (2) weight loss of greater than 5 kg, (3) morning predominance of symptoms, (4) normal bowel habits, and (5) negative findings on diagnostic evaluation. Lastly, our case series expands the general knowledge of CH. Our data support the previously proposed essential criterion for a diagnosis of CH: long-term cannabis use. The duration of cannabis use before onset of symptoms varied greatly in our study (ranging from 4 months to 27 years), but the majority of our patients developed symptoms within 1 to 5 years from the onset of cannabis use. Because 32% of our patients reported cannabis use for less than 1 year, we believe that years of cannabis use are not essential for the diagnosis and that CH should even be considered in patients who report nausea and vomiting after using cannabis for less than 1 year. With the exception of the case series by Soriano-Co et al, 8 which suggested that CH is preceded by many years of cannabis use, prior case reports and case series describe a distribution similar to our findings. [3] [4] [5] [6] [7] 9, 10 Our data corroborate the previously proposed major criteria of severe, cyclic nausea and vomiting, with the majority of our study's patients (70%) reporting more than 7 episodes per year. Moreover, we propose several new major diagnostic criteria for CH as shown in Table 4 . Patients in our case series described frequent hot water bathing during acute attacks, which is consistent with prior reports in the literature. [3] [4] [5] [6] [7] [8] [9] [10] Given the fact that 91% of our patients reported that hot water relieved symptoms of nausea and vomiting and because no other known vomiting syndromes share this phenomenon, we propose this behavior as a new major criterion. In addition, our data demonstrate that patients most commonly experience epigastric or periumbilical abdominal pain, which are locations previously described in pediatric patients with cyclic vomiting syndrome (CVS). 11, 12 Previously, colicky abdominal pain was deemed a symptom suggestive of CH; however, our data did not demonstrate a predominant pain type (Table 3) . Lastly, the majority of patients reported smoking cannabis daily, but several patients reported less than once-weekly use, a finding consis-tent with prior reports. 4-10 Thus, we have added weekly use of cannabis to the major diagnostic criteria.
Several supportive criteria were evident in our case series. The first is age younger than 50 years, a phenomenon consistent with the demographic group that habitually uses cannabis. 13 We believe the second supportive criterion should be weight loss because of the notable weight loss reported by our patients; however, this finding may become less common as awareness of this disease grows and patients are diagnosed earlier. The third supportive criterion, a morning predominance of symptoms, is another symptom previously described in the literature for pediatric CVS but not for CH. 11, 14 The next supportive criterion of normal bowel habits is based on the fact that nearly two-thirds of our patients reported this feature; if patients present with a predominance of either diarrhea or constipation, CH may still be present, but additional diagnoses and testing may need to be considered. The final proposed supportive criterion of CH is failure to identify another cause of recurrent vomiting based on any testing that is performed; however, if CH is suspected before testing, we recommend that case-specific, judicious testing be performed.
In addition to modifying existing criteria, our case series elucidates other aspects of CH. Several patients reported autonomic symptoms such as flushing and diaphoresis; these symptoms reportedly persisted for hours to days. The majority of patients experienced recurrent symptoms at intervals of less than 2 months. The severity of CH symptoms varied, and many patients required frequent hospitalizations for hydration and intravenous antiemetics. The pathophysiology of CH is not well understood. The antiemetic effects of cannabis and its derivatives have been recognized for some time. 15 Cannabinoids act mainly through 2 receptors, CB1 and CB2, which are mainly located in the central nervous system, on the dorsal ganglia, hypothalamus, hippocampus, and cerebellum 16, 17 ; they are also found on the peripheral enteric nerves and on the presynaptic ganglia of the parasympathetic system. 18, 19 These receptors mediate the effects of cannabinoids by reducing the release of anterior pituitary hormones (prolactin, gonadotropin, growth hormone) and increasing corticotropin secretions. 20 Disturbances of the hypothalamic-pituitary-adrenal axis and the presence of autonomic instability have been described as the framework for symptoms in those with CVS. 21 Taché 21 also characterized the increased secretion and activation of corticotropinreleasing factor in the development of CVS. Therefore, we propose that the central effects of long-term cannabis use on the hypothalamic-pituitary-adrenal axis might play a major role in the development of CH. CB1 receptors located in the preoptic area have also been reported to be involved in the hypothermic effects of cannabinoids. 22, 23 The impairment of the physiologic thermoregulation provoked by cannabis use might account for the relief of symptoms with compulsive hot bathing that is seen in most patients with CH. Experimental studies, likely involving murine models, would be necessary to confirm these hypotheses. The peripheral CB1 receptors of the enteric nerves have also been implicated in slowing gastrointestinal transit. 18 Previously, it was suggested that decreased gastric emptying induced by cannabis use might be responsible for the recurrent emesis seen with CH. However, the majority of our patients had either normal or increased gastric transit. Also, the patients did not have features suggestive of delayed gastric emptying, such as early satiety, bloating, or postprandial predominance of symptoms. 24 This case series was performed at a single tertiary care center, which might limit the generalizability of our findings; however, 66% of our patients were from out-of-state, with 28 states and 1 other country (Canada) being represented. In addition, because of the nature of being a tertiary care center, long-term follow-up was considerably limited. Follow-up was available in only 10 patients (10%). Of those 10, 7 (70%) stopped using cannabis and 6 of these 7 (86%) noted complete resolution of their symptoms. The only patient who did not notice any improvement stopped consuming marijuana for only 1 month. The half-life of cannabinoids varies greatly, with a long terminal elimination time, especially in long-term daily consumers. 25 Therefore, prolonged abstinence should be recommended.
Given the retrospective nature of our study, patient recall bias may exist, and some clinical details were not available for all patients, including potential predisposing factors. The majority of marijuana users do not develop this syndrome, and further studies are needed to identify risk factors. The major strength of our study, however, is the large number of cases, representing the largest case series of CH to date.
CONCLUSION
Cannabinoid hyperemesis should be considered in younger patients with long-term cannabis use and recurrent nausea, vomiting, and abdominal pain. The timing, location, and characteristics of symptoms can be helpful in determining the diagnosis of CH, and patients should be asked about the relief of symptoms with hot water bathing. Cessation of cannabis use should result in improvement of clinical symptoms. Studies with higher rates of follow-up are needed, and validation of the proposed diagnostic criteria is required.
